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Devwudfw
Devhqfh ri duelwudjh frqglwlrqv lpsrvh lpsruwdqw uhvwulfwlrqv rq wkh g|qdplfv ri erqg
dqg h{fkdqjh udwh uhwxuqv1 Lw fdq eh vkrzq wkdw wkh h{fkdqjh udwh vhuyhv wr frqyhuw
sulfhv ri lqwhuqdwlrqdo xqglyhuvldeoh ulvnv iurp rqh fxuuhqf| wr dqrwkhu1 Sxw glhuhqwo|/
duelwudjh hqvxuhv wkdw ulvn fduulhv wkh vdph sulfh lq dq| wzr frxqwulhv zkhq hydoxdwhg
iurp d sduwlfxodu ylhzsrlqw1 Dv d frqvhtxhqfh ri wklv/ h{shfwhg uhwxuqv vkrxog eh htxdo
diwhu ehlqj frqyhuwhg wr d frpprq fxuuhqf|1 Zh ghyhors/ hvwlpdwh dqg whvw d olqhdu 60
frxqwu| dvvhw sulflqj prgho iru h{fkdqjh ulvn khgjhg erqg uhwxuqv1 Xvlqj XV/ XN/ dqg
Jhupdq erqg sruwirolr uhwxuq gdwd zh qg idyrudeoh hylghqfh iru wkh h{fkdqjh udwh ehlqj
dq xqfrqglwlrqdo frqyhuwhu ri sulfhv ri ulvn dfurvv frxqwulhv1 Ihz rwkhu sdshuv yhuli| wklv
lpsruwdqw duelwudjh sulflqj fruroodu|1
Nh|zrugv= pxowl0frxqwu| dvvhw sulflqj prgho/ h{fkdqjh ulvn/ sulfh ri ulvn frqyhuvlrq1
M1H1O1= I54/ J45/ J48
WFruuhvsrqglqj dxwkru1 Ghwdlov iru fruuhvsrqghqfh= Fhqwhu iru Hfrqrplf Vwxglhv/ Qddpvhvwuddw 9</ E06333
Ohxyhq/ Ehojlxp1 Who= +.,65 +3,49 659;8</ hpdlo= kdqv1ghzdfkwhuChfrq1nxohxyhq1df1eh1 Erwk Nrqvwdqwlmq
Pdhv dqg Nulvwlhq Vphgwv duh Dvsludqw ri wkh IZR0Yoddqghuhq1 Zh wkdqn FHV vhplqdu sduwlflsdqwv dqg lq
sduwlfxodu Mdq Dqqdhuw dqg Pdufr O|ulr iru xvhixo frpphqwv1 Wkh dxwkruv duh uhvsrqvleoh iru dq| uhpdlqlqj
huuruv14L q w u r g x f w l r q
Lqwhuqdwlrqdo duelwudjh sulflqj wkhru| +LDSW, lpsrvhv lpsruwdqw uhvwulfwlrqv rq wkh mrlqw
g | q d p l f vr ih { f k d q j hu d w h vd q gd v v h ws u l f h v 1L qw k l vs d s h ul wl vv k r z qd q gh p s l u l f d o o |y d o l 0
gdwhg wkdw lq rughu wr h{foxgh duelwudjh rssruwxqlwlhv h{fkdqjh udwhv frqyhuw iruhljq sulfhv
ri lqwhuqdwlrqdo ulvnv wr grphvwlf sulfhv ri lqwhuqdwlrqdo ulvnv1 Wklv lpsolhv wkdw wkh h{shfwhg
h{fhvv uhwxuq ri dq lqyhvwru*v lqwhuqdwlrqdo sruwirolr lv ghwhuplqhg e| wkh idfwru sulfhv ri ulvn
ri wkh lqyhvwru*v krph frxqwu|1 Sxw lq rwkhu zrugv/ lqyhvwruv ri d sduwlfxodu qdwlrqdolw| fdq
qrw fkdqjh wkhlu grphvwlf sulfhv ri ulvn vlqfh lqyhvwlqj lqwhuqdwlrqdoo| hqwdlov h{fkdqjh udwh
rshudwlrqv wkdw hhfwlyho| frqyhuw wkh iruhljq sulfhv ri ulvn lqwr wkh grphvwlf rqhv1 Wklv
sdulw| frqglwlrq iru wkh h{fkdqjh udwh lq whupv ri h{fhvv uhwxuqv lv phqwlrqhg lq prvw sdshuv
olqnlqj erqg dqg h{fkdqjh udwh pdunhwv/ h1j1 Eudqgw dqg Vdqwd0Fodud +5334,/ Edqvdo +4<<8,/
Oxqg +4<<<, dqg Ghzdfkwhu dqg Pdhv +5334,1
Wr wkh ehvw ri rxu nqrzohgjh/ wklv hvvhqwldo suhglfwlrq ri LDSW kdv qrw ehhq wkh vxemhfw ri
h{whqvlyh hpslulfdo uhvhdufk1 Vrph uhvhdufkhuv +vhh iru lqvwdqfh Kdugrxyholv hw do1 +4<<<,r u
Fkr hw do1 +4<;9,, kdyh xvhg lw lpsolflwo| dqg sduwldoo| wr whvw iru qdqfldo pdunhw lqwhjudwlrq1
Krzhyhu/ hpslulfdo dqdo|vlv irfxvvlqj rq wkh sulfh ri ulvn frqyhuvlrq uroh ri wkh h{fkdqjh udwh
lv odfnlqj1 Lq wklv sdshu/ zh irfxv h{foxvlyho| rq whvwlqj h{dfwo| wklv frqyhuvlrq surshuw| ri
h{fkdqjh udwhv dqg lwv lpsolfdwlrqv iru h{fhvv uhwxuqv iurp dq xqfrqglwlrqdo srlqw ri ylhz1
Zh sursrvh d olqhdu ruwkrjrqdo idfwru prgho iru orfdo fxuuhqf|4 erqg sruwirolr uhwxuqv
dorqj wkh olqhv ri Vroqln +4<;6,1 Krzhyhu/ klv LDSW prgho vwdwhv wkdw h{fkdqjh udwh uhwxuqv
d u hi x o o |v s d q q h ge |e r q gu h w x u qi d f w r u v /z k l f kl vd qd v v x p s w l r qz h q gw re hf r x q w h u l q w x l w l y h
dqg dw rggv zlwk wkh gdwd1 Lqghhg/ h{fkdqjh udwh uhwxuqv duh rqo| sduwldoo| vsdqqhg e| orfdo
fxuuhqf| erqg uhwxuq idfwruv1 Lnhgd +4<<4, dfnqrzohgjhv wklv dqg sxwv iruzdug d glhuhqw
LDSW prgho lq zklfk d vljqlfdqw h{fkdqjh udwh ulvn frpsrqhqw lv ruwkrjrqdo wr wkh erqg
uhwxuq idfwruv1 Lnhgd h{sodlqv duelwudjh sulflqj ri khgjhg vhfxulwlhv lq whupv ri orfdo idfwru
ulvn suhpld1 Pruh lq sduwlfxodu/ kh fodlpv wkdw h{shfwhg h{fhvv erqg uhwxuqv/ diwhu ehlqj
khgjhg djdlqvw h{fkdqjh ulvn/ duh vsdqqhg e| lqwhuqdwlrqdo idfwru ordglqjv zlwk orfdo fxuuhqf|
pdunhw sulfhv ri ulvnv vhuylqj dv zhljkwv1 Dv idu dv zh nqrzq/ wklv prgho kdv qrw ehhq whvwhg
hpslulfdoo| dqg wklv ghvslwh ri lwv lqwxlwlyh dsshdo1 Lq wklv sdshu zh oo wklv jds lq wkh
olwhudwxuh dqg dqdo|}h zkhwkhu ru qrw wkh prgho fodlpv duh ydolgdwhg xvlqj XV/ XN/ dqg
Jhupdq erqg sruwirolr gdwd1
Zh vwdwlvwlfdoo| owhu wkh lqwhuqdwlrqdo frpprq ulvn idfwruv iurp erqg uhwxuqv e| dsso|0
lqj d sulqflsdo idfwru dqdo|vlv rq wkh fruuhodwlrq pdwul{ ri wkh orfdo fxuuhqf| uhwxuqv +vhh
dovr Gulhvvhq/ Phohqehuj/ dqg Qlmpdq +5333,,1 Qh{w/ zh hpsor| wkh jhqhudol}hg phwkrg ri
prphqwv ri Kdqvhq +4<;5, wr lqihu wkh fxuuhqf| ghshqghqw pdunhw sulfhv ri ulvn1 Ilqdoo|/ zh
whvw wkh prgho fodlpv xvlqj d vwdqgdug JPP ryhulghqwli|lqj uhvwulfwlrqv whvw1 Lqwhuhvwlqjo|/
4Orfdo fxuuhqf| uhwxuqv duh ghqhg dv wkh uhwxuqv ghqrplqdwhg lq wkh fxuuhqf| ri wkh jhrjudsklfdo sodfh
zkhuh wkh lqyhvwphqwv duh txrwhg1 Lq wkdw vhqvh/ d grphvwlf lqyhvwru grhv qrw phdvxuh +ru fduh derxw, wkh orfdo
fxuuhqf| uhwxuqv ri klv iruhljq lqyhvwphqwv/ exw udwkhu hydoxdwhv wkh uhwxuqv ri klv lqwhuqdwlrqdo lqyhvwphqwv
h{suhvvhg lq klv rzq grphvwlf fxuuhqf|1
5z h q gh y l g h q f hl qi d y r ur ik l vp r g h o /d q gd vv x f kl qi d y r ur iw k hh { f k d q j hu d w he h l q jds u l f h
ri ulvn frqyhuwhu dfurvv frxqwulhv1
Wkh vwuxfwxuh ri wkh uhvw ri wklv sdshu lv dv iroorzv1 Lq vhfwlrq 5 zh uhskudvh Lnhgd*v
+4<<4, prgho iru khgjhg erqg uhwxuqv lq d pxowl0frxqwu| frqwlqxrxv wlph vhwwlqj1 Lq vhfwlrq
6 zh sursrvh xqfrqglwlrqdo ryhulghqwli|lqj uhvwulfwlrqv whvwv iru wkh devhqfh ri duelwudjh
uhodwlrqvklsv1 Vhfwlrq 7 frqvwuxfwv dqg glvfxvvhv wkh gdwd/ suhvhqwv hvwlpdwlrq dqg whvw uhvxowv
iru d 60frxqwu| duelwudjh sulflqj prgho/ dqg eulh | glvfxvvhv dq dssolfdwlrq1 Ilqdoo|/ zh
suhvhqw frqfoxvlrqv lq vhfwlrq 81
5 Wkhruhwlfdo iudphzrun
5 1 4 Do l q h d ui d f w r up r g h oz l w kh { f k d q j hu l v n
Zh h{whqg wkh vwdqgdug DSW prgho ri Urvv +4<:9, wr dq lqwhuqdwlrqdo vhwwlqj zkhuh wkh
h{fkdqjh udwh lv qrw qhfhvvdulo| vsdqqhg e| wkh erqg pdunhw ulvn idfwruv dorqh1 Zh edvlfdoo|
uhshdw wkh uhdvrqlqj ri Lnhgd +4<<4, lq d frqwlqxrxv wlph iudphzrun dqg doorzlqj iru pruh
w k d qr q hu l v n |d v v h wl qh d f kf r x q w u | 1 Z hf r q v l g h udz r u o gz l w kP frxqwulhv +dqg fruuh0
vsrqglqj P fxuuhqflhv, lqgh{hg 4 wr P1 L qh d f kf r x q w u | /w k h u hh { l v wQ ulvn| dvvhwv dqg
4 orfdoo| ulvnohvv qdwlrqdo erqg1 Zh dvvxph wkdw wkhvh dvvhwv duh iuhho| wudghg lq shuihfw
lqwhuqdwlrqdo fdslwdo pdunhwv1 Ghqrwh wkh sulfh ri wkh ulvn| dvvhw q ri frxqwu| p/g h q r p l 0
qdwhg lq +orfdo, fxuuhqf| p/d vS6
? / q @ i4>===>Qj/ p @ i4>===>Pj1 Wkhvh dvvhw sulfhv duh
vxssrvhg wr eh gulyhq e| N lqwhuqdwlrqdo +xqglyhuvldeoh, ulvnv dqg 4 qdwlrqdo +glyhuvldeoh,
djjuhjdwhg ulvn frpsrqhqw1 Wkh N lqwhuqdwlrqdo idfwruv duh uhsuhvhqwhg e| Zlhqhu surfhvvhv
Z&/ n @ i4>===>Nj/ zkloh wkh frpsrqhqwv wkdw duh lglrv|qfudwlf wr S6
? duh ghqrwhg e| ]6
? 1
Wkh g|qdplfv ri wkh orfdo fxuuhqf| +fxuuhqf|0p ghqrplqdwhg, sulfhv S6
? lv vxssrvhg wr eh












L qw k hh t x d w l r qd e r y h /gS6
? @S6
? l vw k hu d q g r pu h w x u qr qw k hp0wk frxqwu| q0wk ulvn| dvvhw lq
whupv ri wkh orfdo fxuuhqf| p/ 6
? gw ghqrwhv lwv h{shfwhg lqvwdqwdqhrxv ydoxh/ gZ& uhsuhvhqwv
wkh nwk }hur phdq lqwhuqdwlrqdo ulvn idfwru/ O6
?& ghqrwhv wkh vhqvlwlylw| ri wkh uhwxuq gS6
? @S6
?
wr  xfwxdwlrqv lq wkh idfwru gZ&/d q gg]6
? lv d qrq0v|vwhpdwlf ulvn frpsrqhqw zlwk }hur phdq/
erxqghg yduldqfh/ dqg H ^g]6
? mgZ&`@3 / iru doo q/ p/d q gn1 Wkh qxpehu ri ulvn| dvvhwv/
QP/ lv dvvxphg wr eh odujh hqrxjk vxfk wkdw wkh odz ri odujh qxpehuv pd| vdiho| eh dvvxphg
wr krog1
Dw wkh hqg ri wkh gd|/ lqyhvwruv wkdw lqyhvw dfurvv frxqwulhv gr qrw fduh derxw uhwxuqv lq
orfdo fxuuhqf|5 vlqfh wkh| idfh h{fkdqjh udwh fkdqjhv zkhq hydoxdwlqj wkh surfhhgv ri wkhlu
lqwhuqdwlrqdo lqyhvwphqw vwudwhj|1 Zh ghqh wkh h{fkdqjh udwh V6
6W dv wkh xqlw sulfh ri iruhljq
5Zh uhshdw wkdw e| orfdo fxuuhqf| zh phdq wkh fxuuhqf| ri wkh frxqwu| lq zklfk wkh dvvhw lv ruljlqdoo|
txrwhg +l1h1 wkh frxqwu| ri wkh lqyhvwphqw dqg qrw qhfhvvdulo| wkh frxqwu| ri wkh lqyhvwru,1
6fxuuhqf| pW lq whupv ri grphvwlf fxuuhqf| p/ khqfh gV6
6W@V6
6W l vw k hu d w hr id s s u h f l d w l r qr i
fxuuhqf| pW lq whupv ri fxuuhqf| p/ iru doo p dqg pW1 Zh dvvxph  h{leoh iruhljq h{fkdqjh










6W ghqrwh wkh h{shfwhg dqg udqgrp lqvwdqwdqhrxv sduwv ri h{fkdqjh
udwh yduldwlrq uhvshfwlyho|1 Zh ohdyh wkhp xqvshflhg iru wkh prphqw1 Wkh sulfh ri dvvhw q lq
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6W> +7,























6W lq +7, lv ri fuxfldo lpsruwdqfh vlqfh lw lpshghv wkh frqvwuxfwlrq ri d ulvnohvv
sruwirolr dv zloo eh vkrzq qrz1 Frqvwuxfw d sruwirolr iurp wkh QP ulvn| dvvhwv/ ghqrwhg e|





































QP4 yhfwru ri rqhv/ dqg zkhuh wkh odvw dssur{lpdwh htxdolw| iroorzv iurp wkh dvvxpswlrq
wkdw g]6
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Wkh htxdwlrq +;, uhyhdov wkdw wkh vlpsoh khgjlqj uxoh ri wkh DSW grhv qrw |lhog d orfdoo|
ulvn iuhh sruwirolr vlqfh wkh h{fkdqjh ulvn zrxog eh ohiw xqglyhuvlhg e| wklv uxoh1 Wkh qh{w
vxevhfwlrq frqiurqwv dqg vroyhv wklv sureohp e| frqvlghulqj dq duelwudjh sruwirolr zklfk
khgjhv djdlqvw h{fkdqjh ulvn e| phdqv ri iruhljq ohqglqj dqg eruurzlqj dw orfdoo| ulvnohvv
udwhv1
515 Duelwudjh sulflqj ri khgjhg dvvhwv
Wkhuh duh edvlfdoo| wzr htxlydohqw zd|v ri khgjlqj wkh h{fkdqjh ulvn zkhq lqyhvwlqj deurdg=
+l, jr wr wkh iruzdug pdunhw dqg hqwhu d frqwudfw wr gholyhu dq dprxqw ri iruhljq fxuuhqf|
wkdw lv htxlydohqw wr lwv lqyhvwphqw dw d jlyhq gdwh/ ru +ll, eruurz iruhljq fxuuhqf| rq wkh
iruhljq pdunhw dqg vhoo lw lpphgldwho| +l1h1 h{fkdqjh lw iru |rxu rzq fxuuhqf| dw wkh vsrw
h{fkdqjh udwh,1 Lq wxuq |rx fdq lqyhvw lw lq |rxu rzq orfdoo| ulvnohvv erqg E6 +zkhuh p
ghqrwhv |rxu frxqwu|,1 Zkloh wkh iruzdug pdunhw lv w|slfdoo| xvhg iru vkruw whup lqyhvwphqw
surwhfwlrq ru vshfxodwlrq/ wkh vhfrqg phwkrg lv pruh dgdswhg wr sruwirolr lqyhvwphqw1 Zh
hpsor| wkh vhfrqg dssurdfk dqg jr vkruw lq +eruurz, wkh ulvn iuhh dvvhw ri wkh iruhljq frxqwu|
E6W
1
Frqvlghu d sruwirolr ri 5QP dvvhwv/ w @+ ￿>===>2￿￿,
￿/ zkhuh sursruwlrq ￿ lv lqyhvwhg lq
ulvn| dvvhw l +iru udqnlqj vhh suhylrxv vhfwlrq,/ dqg zkhuh sursruwlrq ￿￿n￿/ l @ i4>===>QPj>
lv lqyhvwhg lq wkh qdwlrqdo ulvn iuhh dvvhw ri wkh frxqwu| xqghu frqvlghudwlrq16 E d v h gr qw k h
sruwirolr z dv ghqhg lq +9,/ zh qrz vshfli| sruwirolr w dv=
￿ @ z￿ +l @4 >===>QP,
￿￿n￿ @ z￿ +l @4 >===>QP,=
+<,
Wkh uhvxowlqj exqgoh lv d ulvnohvv duelwudjh sruwirolr1 Wkh ulvn ruljlqdwlqj iurp erwk lqwhu0
qdwlrqdo +gZ, dqg uhvlgxdo idfwruv +g], lv glyhuvlhg dqg rqh lv qrz surwhfwhg djdlqvw wkh





ghqrwhv wkh fxuuhqf|0p uhwxuq rq wkh ghwhuplqlvwlf qdwlrqdo
6Qrwh wkdw hdfk ri wkh jurxsv ri zhljkwv w￿￿n￿ccw￿￿n￿ xs xqwlo w￿￿nE￿￿3￿n￿￿ccw￿￿n￿￿ dsso|
wr wkh ulvn iuhh dvvhw ri frxqwu|  xs xqwlo  uhvshfwlyho|1 Wkh uhdvrq zk| zh gr qrw srro shu frxqwu| lv iru
frqyhqlhqfh dqg zloo ehfrph fohdu lq wkh iroorzlqj1


























































































Dffruglqj wr htxdwlrq +44, wkh uhwxuq phdvxuhg lq fxuuhqf|0p lv lqghhg iuhh iurp dq| ulvn71
Qrz wkdw d ulvnohvv duelwudjh sruwirolr kdv ehhq rewdlqhg iurp wkh ylhzsrlqw ri fxuuhqf| p/
zh fdq xvh wkh vdph dojheudlf dujxphqw dv wkh vwdqgdug DSW wr ghwhuplqh ulvn suhpld iru
frxqwu|0p*v lqyhvwruv1 Iru iuhh oxqfkhv wr eh devhqw/ wkh fxuuhqf| p uhwxuq rq sruwirolr 
















Iurp htxdwlrq +9, lw fdq eh vhhq wkdw wkh yhfwru z lv ruwkrjrqdo wr hdfk ri wkh ordglqjv1 Iurp
wkh htxdwlrq deryh zh vhh wkdw wklv yhfwru lv dovr ruwkrjrqdo wr wkh yhfwru ri h{shfwhg h{fhvv
khgjhg uhwxuqv/ khqfh olqhdu dojheud vd|v wkdw wklv yhfwru ri h{shfwhg h{fhvv khgjhg uhwxuqv





vsdqqhg e| idfwru ordglqj yhfwruv O& +n @ i4>===>Nj, iru vrph sdudphwhuv 6
￿ >===>6
g1W k l v
ohdgv wr Lnhgd*v pdlq uhvxow/ qdpho| wkdw h{shfwhg qhw uhwxuqv/ lq whupv ri fxuuhqf| p dqg
7Qrwh wkdw hyhq wkrxjk h{fkdqjh udwh fkdqjhv kdyh ehhq khgjhg/ h{fkdqjh udwh g|qdplfv vwloo sod| d uroh
lq wkh ghwhuplqdwlrq ri wkh h{fhvv kroglqj uhwxuqv lq orfdo fxuuhqf| wkurxjk wkh wklug frpsrqhqw ri >
65_| +vhh
htxdwlrq +8,,1 Dv h{sodlqhg lq Hxq dqg Uhvqlfn +bHH,/ wkh uhdvrq lv wkdw iruhljq fxuuhqf| dvvhw uhwxuqv frqwdlq
vwrfkdvwlf/ xqsuhglfwdeoh frpsrqhqwv zklfk e| ghqlwlrq fdq qrw eh khgjhg1 Wkhvh xqh{shfwhg uhwxuqv kdyh
wr eh frqyhuwhg lqwr orfdo fxuuhqf| uhwxuqv rq wkh vsrw pdunhw uhvxowlqj lq wkh fryduldqfh whup1 Wkxv/ wr wkh
h{whqw wkdw wkh h{fkdqjh udwh vwrfkdvwlfv ghshqg rq wkh lqwhuqdwlrqdo erqg uhwxuq idfwruv/ wklv fryduldqfh whup
glhuv iurp }hur1
9rq ulvn| dvvhwv zkrvh h{fkdqjh ulvn lv khgjhg e| iruhljq eruurzlqj dqg ohqglqj/ duh vsdqqhg








￿ O￿ . === . 6
gOg= +46,
Lq zrugv/ lq hdfk fxuuhqf| p wkhuh duh N sulfhv ri ulvnv zklfk ghwhuplqh wkh h{shfwhg uhwxuqv
rq khgjhg dvvhwv1 Zkdw lv lpsruwdqw wr qrwh lv wkdw wkh khgjhg uhwxuqv zloo eh ghwhuplqhg
e| wkh sulfhv ri ulvn ri wkhlu fxuuhqf| ri ghqrplqdwlrq1 Dssduhqwo|/ d fxuuhqf|0p lqyhvwru
zloo qrw eh deoh wr dsso| wkh sulfhv ri ulvn ri wkh frxqwu| zkhuh kh lv lqyhvwlqj wr ghwhuplqh
wkh h{shfwhg uhwxuq iurp lqyhvwlqj deurdg/ li qr0duelwudjh lv wr krog1
516 Duelwudjh ghwhuplqdwlrq ri dvvhw0fxuuhqf| fryduldqfhv
Lq wklv vhfwlrq zh zloo prwlydwh zk| wkh h{fkdqjh udwh frqyhuwv sulfhv ri ulvnv dfurvv frxqwulhv1
Frqvlghu dq lqyhvwphqw pdgh e| d frxqwu|0p lqyhvwru lq wkh qwk dvvhw ri frxqwu| pW/ S6W
? 1





























?￿ . === . 6
gO6W
?g= +48,
Iurp wkh ylhzsrlqw ri d frxqwu|0pW lqyhvwru +uhsodfh p e| pW l qw k hd e r y h , /w k hh t x d w l r q






?￿ . === . 6W
g O6W
?g= +49,










hhfwlyho| frqyhuwv wkh vhw ri sulfhv ri ulvn iurp 6W
& wr 6
& +n @ i4>===>Nj,1 E| wdnlqj wkh
glhuhqfh ehwzhhq htxdwlrqv +48, dqg +49,/ wkh fryduldqfh whup ehwzhhq dvvhw uhwxuqv dqg
























Khqfh zh vhh wkdw wkh fryduldqfhv ehwzhhq dvvhw uhwxuqv dqg fxuuhqf| uhwxuqv duh dovr vsdqqhg






1L q w x l w l y h o |
sxw/ wkh deryh uhvxow phdqv wkdw wkh h{fkdqjh udwh vhuyhv dw ohdvw wr rqh sxusrvh/ wkdw
lv/ wr frqyhuw wkh sulfhv ri ulvn ri iruhljq lqyhvwphqwv wr wkh rqhv ri wkh lqyhvwru*v krph
frxqwu|1 Wkhuhiruh/ dq lqyhvwru +ghqrplqdwlqj iruhljq lqyhvwphqw surfhhgv lq orfdo fxuuhqf|,
zloo qhyhu eh deoh wr fkdqjh wkh sulfhv ri ulvn iurp wkrvh wkdw dsso| lq klv krph pdunhw1 Wklv
:lv dq hvshfldoo| vwurqj uhvxow h{whqglqj wkh vwdqgdug lqwxlwlrq ri wkh xqfryhuhg lqwhuhvw udwh
frqglwlrq wr d ulvn dyhuvh zruog1 Olnhzlvh zh kdyh wkh dqdorj| iru wkh iruhljq lqyhvwru1 Kh
zloo dovr hqg xs zlwk wkh sulfhv ri ulvn lq wkh iruhljq pdunhw +rqfh kh vwduwv ghqrplqdwlqj klv
lqyhvwphqw surfhhgv lq klv rzq fxuuhqf|/ wkdw lv wkh iruhljq fxuuhqf|,1
Li zh vshfli| 76
6W lq whupv ri wkh lqwhuqdwlrqdo erqg pdunhw idfwruv dqg dq lglrv|qfudwlf
h{fkdqjh udwh idfwru g]76





































iru doo n1+ 5 3 ,
Wkh lpsolfdwlrqv iru h{shfwhg uhwxuqv iroorz lpphgldwho|1 Iluvw/ dv orqj dv h{fkdqjh udwh
ulvnv duh khgjhg +h{ dqwh,/ h{shfwhg h{fhvv kroglqj uhwxuqv rqo| ghshqg rq orfdo fxuuhqf|
sulfhv ri idfwru ulvnv1 Rwkhuzlvh vwdwhg/ grphvwlf dqg iruhljq sruwirolrv zlwk lghqwlfdo idf0
wru ulvn surohv zloo uhvxow lq lghqwlfdo h{shfwhg h{fhvv kroglqj uhwxuqv/ rqfh frqyhuwhg lqwr d
frpprq fxuuhqf|1 Vhfrqg/ wklv uhvxow grhv qrw qhhg wr krog iru qrq0khgjhg sruwirolrv1 Wkhuh/
h{fkdqjh udwh g|qdplfv dqg idfwruv hqwhu ixoo|1 Dv vxfk/ h{fhvv kroglqj uhwxuqv zloo sduwo|
eh ghwhuplqhg e| wkh iruzdug suhplxp/ l1h1 wkh sulfh ri kroglqj dgglwlrqdo dqg ruwkrjrqdo
h{fkdqjh udwh ulvnv1 Xqfrqglwlrqdoo|/ krzhyhu/ wkhuh lv hylghqfh wkdw ghyldwlrqv iurp xqfry0
huhg lqwhuhvw udwh sdulw| duh vpdoo/ lpso|lqj qhjoljleoh iruzdug suhpld1 Lq wklv vhqvh/ rqh pd|
h{shfw wkh h{shfwhg uhwxuqv wr htxdol}h dv zhoo iru xqkhgjhg sruwirolrv1
6 Xqfrqglwlrqdo whvwv iru duelwudjh rssruwxqlwlhv
Htxdwlrq +46, vxjjhvwv d whvw iru wkh frqyhuvlrq surshuw| ri wkh h{fkdqjh udwh= wkh vl}h ri wkh
h{shfwhg h{fhvv kroglqj uhwxuq rq dq| khgjhg dvvhwv lv ghwhuplqhg e| wkh idfwru ordglqjv rq
wkh lqwhuqdwlrqdo ulvnv hydoxdwhg dw wkh fxuuhqf|0vshflf pdunhw sulfhv ri ulvn/ l1h1 wkh pdunhw
sulfhv ri ulvn ri wkh lqyhvwru*v krph pdunhw1 Edvlfdoo|/ zh zloo frqvwuxfw wkh glvfuhwh0wlph
hpslulfdo frxqwhusduw ri htxdwlrq +46, dqg frqvlghu wkhvh dv prphqwv wr eh wwhg e| wkh






gw @ Ob6 iru doo p @ i4>===>Pj= +54,
zkhuh b6 ghqrwhv wkh N  4 yhfwru ri sulfhv ri ulvn lq fxuuhqf| ghqrplqdwlrq ri frxqwu| p/
dqg zkhuh O @+ O￿>===>Og, lv wkh QP  N pdwul{ wkdw vwdfnv wkh ordglqj yhfwruv ri hdfk
lqwhuqdwlrqdo idfwru1 Shu ylhzsrlqw/ zh kdyh QP dvvhwv wr frqvlghu1 Ghqrwh wkh QP2  4
yhfwru vwdfnlqj wkh h{fkdqjh ulvn khgjhg h{shfwhg h{fhvv uhwxuqv iurp wkh P glhuhqw srlqwv
;ri ylhz e| >8 dqg dqdorjrxvo|/ ghqh dq PN4 yhfwru vwdfnlqj wkh idfwru sulfhv ri ulvn e|
b8 wkhq doo uhohydqw duelwudjh frqglwlrqv ri htxdwlrq +54, fdq eh vxppdul}hg dv=
>8 @+ L￿ 
 O,b8= +55,
Htxdwlrq +55, lpsolhv d qxpehu ri furvv0vhfwlrqdo uhvwulfwlrqv rq wkh h{shfwhg h{fhvv uhwxuqv1
Pruh lq sduwlfxodu/ vlqfh wkhuh duh exw PN +xqnqrzq, sulfhv ri ulvn lq QP2 h{shfwhg h{fhvv
kroglqj uhwxuqv zh kdyh P+QP  N, furvv0vhfwlrqdo uhvwulfwlrqv rq h{fhvv uhwxuqv wkdw fdq
eh whvwhg vwdwlvwlfdoo|1 Lq wkh iroorzlqj hpslulfdo vhfwlrq zh fkrrvh iru d JPP edvhg whvw
vwdwlvwlf1 Pruh vshflfdoo|/ zh shuirup d sulqflsdo idfwru dqdo|vlv wr rewdlq wkh uhvshfwlyh
orfdo fxuuhqf| idfwruv dqg ordglqjv/ I| dqg O + p r u hg h w d l o vf d qe hi r x q gl qw k hd s s h q g l { , = Lq
d vhfrqg vwdjh/ zh hvwlpdwh wkh sulfhv ri ulvn yhfwru b81 Pruh vshflfdoo|/ zh frqvwuxfw wkh
hpslulfdo frxqwhusduw/ >e6R/r iw k hQP2  4 yhfwru >8/ dqg plqlpl}h wkh vxp ri vtxduhg
huuruv zlwk uhvshfw wr b8=
b8 @ dujplq++>e6R  +L￿ 
 O,b8,￿Z+>e6R  +L￿ 
 O,b8,,= +56,
Ehfdxvh ri wkh olqhdulw| zh kdyh wkdw wkh hvwlpdwh ri b8 l vn q r z ql qf o r v h gi r u p 1D v v x p l q j







Qrwh wkdw wkh deryh htxdwlrq klqwv dw jhwwlqj wkh uhvshfwlyh fxuuhqf| vshflf sulfhv ri ulvn
iurp P vhsdudwh furvv0vhfwlrqdo uhjuhvvlrqv/ uhjuhvvlqj wkh dyhudjh h{fhvv uhwxuqv rq wkh
uhvshfwlyh idfwru ordglqjv rewdlqhg iurp wkh idfwru dqdo|vlv1 Iurp wklv surfhgxuh zh rewdlq
wkh JPP whvw vwdwlvwlfv iru furvv0vhfwlrqdo uhvwulfwlrqv1 Zh xvh wkhvh sulfhv ri ulvn dqg
sulflqj huuruv wr whvw iru fruuhfw sulfh ri ulvn frqyhuvlrq1 Xqghu wkh qxoo k|srwkhvlv wkdw
wkh prgho lv d ydolg uhsuhvhqwdwlrq ri wkh h{fhvv uhwxuqv zh kdyh wkdw Kdqvhq*v M0vwdwlvwlf lv
"2+P +PQ  N,, glvwulexwhg/ l1h1=
WM￿
A @ W++>e6R  +L￿ 
 O,b8,￿3￿+>e6R  +L￿ 
 O,b8,,  "2 +P +PQ  N,,> +58,
zkhuh W ghqrwhv wkh wlph vhulhv glphqvlrq/ l1h1 wkh qxpehu ri revhuyhg uhwxuqv shu vhulhv/
dqg  lv d frqvlvwhqw hvwlpdwh ri wkh fryduldqfh pdwul{ ri wkh vdpsoh sulflqj huuruv +vhh
h1j1 Frfkudqh +4<<9,,1 Zh dovr hpsor| wklv surfhgxuh wr whvw iru wkh frqyhuvlrq uroh sod|hg
e| wkh h{fkdqjh udwh1 Iru lqvwdqfh/ li h{fkdqjh udwhv gr qrw frydu| zlwk h{fhvv kroglqj
uhwxuqv ri iruhljq dvvhwv/ wkh h{fkdqjh udwh lv exw d qxlvdqfh whup lq lqwhuqdwlrqdo qdqfh
dqg dffruglqj wr wkh LDSW/ sulfhv ri ulvn zloo eh htxdo dfurvv frxqwulhv +fxuuhqflhv,1 Whvwlqj
iru wkh htxdolw| ri sulfhv ri ulvn dfurvv frxqwulhv fdq eh suhiruphg e| lpsrvlqj wkh qxoo
k|srwkhvlv b8 @ 
￿ 
 b/z k h u hb  b￿ @ === @ b￿/ uhvxowlqj lq wkh whvw vwdwlvwlf=
WM2
A @ W++>e6R  +L￿ 
 O,+
￿ 
 b,,￿3￿+>e6R  +L￿ 
 O,+
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<Htxdwlrqv +58, dqg +59, frqvwlwxwh wkh fruh ri wklv sdshu dqg duh xvhg lq wkh qh{w vhfwlrq
wr dqdo|}h wkh uroh ri wkh h{fkdqjh udwh1 Iluvw/ htxdwlrq +59, doorzv xv wr dqdo|}h wr zkdw
h{whqw frxqwulhv glhu lq sulflqj lqwhuqdwlrqdo ulvn idfwruv1 Li sulfhv glhu dfurvv frxqwulhv/
dffruglqj wr LDSW/ h{fkdqjh udwhv sod| d fuxfldo uroh lq frqyhuwlqj wkh iruhljq sulfhv ri ulvn
lqwr grphvwlf rqhv1 Wkh odwwhu k|srwkhvlv fdq eh whvwhg e| phdqv ri htxdwlrq +58,1 Pruhryhu/
zh fdq shuirup dq hyhq vwurqjhu dgglwlrqdo whvw iru ulvn frqyhuvlrq/ h{solflwo| lqfoxglqj wkh
fryduldqfhv ehwzhhq h{fkdqjh udwhv dqg orfdo fxuuhqf| dvvhw uhwxuqv1 Wkhvh prphqwv kdyh
e h h qg l v f x v v h gl qh t x d w l r q+ 4 < ,d e r y h 1
7 Hpslulfdo Uhvxowv
Zh irfxv dwwhqwlrq rq d 60frxqwu| duelwudjh prgho iru khgjhg erqg sruwirolr h{fhvv uhwxuqv1
Wkh frxqwulhv frqvlghuhg duh wkh XV/ wkh XN/ dqg Jhupdq|1 Zh dvvxph wkdw lw lv srvvleoh wr
frqvwuxfw dq duelwudjh sruwirolr iurp wkhvh erqg uhwxuq sruwirolrv/ d sruwirolr wkdw lv orfdoo|
ulvniuhh dqg uhtxluhv qr lqlwldo lqyhvwphqw1
714 Gdwd frqvwuxfwlrq dqg ghvfulswlrq
71414 Sruwirolr uhwxuqv +lq orfdo fxuuhqf|,
Zh frqvwuxfw +OLERU dqg vzds, |lhogv xvlqj wkh |lhogv dv lpsolhg e| OLERU dqg vzds udwhv
+Sld}}hvl +5334/s 1 4;/ htxdwlrq 45,,1 Prqwko| revhuyhg OLERU udwhv ri 4 wr 45 prqwk
pdwxulwlhv duh uhwulhyhg iru wkh XV/ XN dqg Jhupdq|1 Vzds udwhv duh uhwulhyhg dv zhoo iru
pdwxulwlhv iurp 5 wr 43 |hduv1 Zh slfnhg hyhu| uvw Wxhvgd| ri hdfk prqwk iurp Gdwdvwuhdp1
Lq wkh hqg/ wkh pdwxulw| vshfwuxp wkdw zh frqvwuxfw frqvlvwv ri 4; |lhog wlph vhulhv zlwk wlph
wr pdwxulwlhv ri 4/ 5/ 111/ 45 prqwkv/ dqg 5/ 6/ 7/ 8/ : dqg 43 |hduv1 Zh xvh 495 prqwko|
revhuydwlrqv rq }hur frxsrq erqg |lhogv dqg uhohydqw h{fkdqjh udwhv iru wkh XV/ wkh XN/
dqg Jhupdq|1 Wkh uvw gdwd srlqw lv hqg ri Dsulo 4<;: +5<@37@4<;:,/ dqg wkh odvw lv hqg
ri Vhswhpehu 5333 +5:@3<@5333,1 Iurp wkhvh/ 495 erqg sulfhv dqg W @4 9 4prqwko| erqg
+kroglqj, uhwxuqv duh frqvwuxfwhg1 Dqqxdol}hg dqdorjxhv iru phdqv dqg vwdqgdug ghyldwlrqv
duh rewdlqhg e| pxowlso|lqj wkhlu prqwko| frxqwhusduwv e| 45 dqg
s
45 uhvshfwlyho|1 Iurp
wkh ruljlqdo 4; pdwxulw| uhwxuq vshfwuxp wkdw lv dydlodeoh wr xv/ zh frqvwuxfw 7 sruwirolr
uhwxuq vhulhv wr ghfuhdvh wkh lglrv|qfudwlf ulvn lq hyhu| vlqjoh erqg uhwxuq1 Wkh 7 uhwxuq
sruwirolrv fdq eh uhjdughg wr eh d vkruw/ vkruw0plg/ orqj0plg/ dqg orqj0pdwxulw| vshfwuxp
uhwxuq sruwirolr1 Wkh uvw sruwirolr lv frqvwuxfwhg e| frpelqlqj wkh 6/ 9 dqg <prqwk erqg
uhwxuqv/ wkh vhfrqg e| frpelqlqj wkh 4/ 5/ 6 |hdu/ wkh wklug e| frpelqlqj wkh 7 dqg 8 |hdu/
dqg qdoo| wkh odvw e| frpelqlqj wkh : dqg 43 |hdu pdwxulwlhv/ doo zlwk htxdo zhljkwv1
Lq wkh hqg/ zh rewdlq Q @7erqg sruwirolr uhwxuq wlph vhulhv iru hdfk ri wkh P @6
frxqwulhv frqvlghuhg1 Zh odeho doo uhohydqw yduldeohv zlwk xv/ xn/d q gjhu iru dvvhw ruljlq/
dqg zlwk xvg/ jes> dqg ghp iru fxuuhqf| ghqrplqdwlrq1 Zh jurxs wklv uhwxuq sruwirolr
revhuydwlrqv lq 45 wlph vhulhv yhfwruv u￿r￿>u ￿&￿ dqg u}eo￿/ l @ i4>===>7j1 Z hd o v ru h w d l qe x w
gr qrw uhsruw wkh rqh prqwk erqg uhwxuq vhulhv u￿r￿6>u ￿&￿6> dqg u}eo￿6z k l f kz hx v h gw r
43frqvwuxfw h{fhvv uhwxuqv  u￿r￿>  u￿&￿ dqg  u}eo￿/ l @ i4>===>7j1 Wkh edvh fxuuhqf| ri wklv ruljlqdo
gdwdvhw lv wkh orfdo fxuuhqf|1 Vrph vxppdu| vwdwlvwlfv iru wklv gdwdvhw pd| eh uhwulhyhg lq
wdeoh 41
Lqvhuw wdeoh 4 khuh
Zh vhh wkdw zlwklq hdfk frxqwu|/ wkh phdq ri wkh sruwirolr uhwxuqv lv xszdug vorslqj1 Wkh
vdph prqrwrqlflw| krogv iru wkh vwdqgdug ghyldwlrq ri wkh sruwirolr uhwxuqv1 Qrupdolw| lv
uhmhfwhg iru prvw vhulhv dqg erwk h{fhvv nxuwrvlv dqg vnhzqhvv duh xqghuo|lqj fdxvhv iru wklv1
Ilqdoo|/ prqwko| dxwrfruuhodwlrqv duh idluo| kljk iru wkh vkruw whup sruwirolr/ ghfuhdvlqj idvw
wrzdugv wkh orqjhu whup sruwirolrv1
71415 Frpprq fxuuhqf| uhwxuqv +xqkhgjhg dqg khgjhg,
Wkh uhwxuqv lq wdeoh 4 fdq qrw eh xvhg wr hydoxdwh wkh vwudwhj| ri d w|slfdo lqwhuqdwlrqdoo|
rulhqwhg lqyhvwru1 Lqghhg/ dw wkh hqg ri wkh gd|/ lqyhvwruv gr qrw fduh derxw uhwxuqv lq
iruhljq fxuuhqf| vlqfh wkh| idfh h{fkdqjh udwh fkdqjhv zkhq hydoxdwlqj wkh surfhhgv ri wkhlu
lqwhuqdwlrqdo lqyhvwphqw vwudwhj|1 Zh uvw kdyh wr wudqvirup wkh iruhljq fxuuhqf| uhwxuqv lqwr
uhwxuqv h{suhvvhg lq wkh lqyhvwru*v krph fxuuhqf|1 Wkhvh frpprq fxuuhqf| h{fhvv kroglqj
uhwxuqv fdq eh hdvlo| frpsxwhg e| phdqv ri wkh glvfuhwh wlph htxlydohqw ri htxdwlrq +6, iru
xqkhgjhg sruwirolrv dqg +46, iru khgjhg uhwxuqv1 Wdeohv 5 dqg 6 suhvhqw vrph vxppdu|
vwdwlvwlfv rq wkh kroglqj uhwxuqv iru wkh dowhuqdwlyh sruwirolrv vwdwhg lq wkh glhuhqw fxuuhqf|
edvhv1
Lqvhuw wdeohv 5 dqg 6 khuh
D uvw revhuydwlrq wr eh pdgh lv wkh pdmru glhuhqfh ehwzhhq khgjhg dqg qrq0khgjhg frp0
prq fxuuhqf| h{fhvv uhwxuqv1 Lq sduwlfxodu/ lw fdq eh vhhq wkdw khgjlqj surylghv d juhdw ghdo
ri yduldqfh uhgxfwlrq1 Wkh uhgxfwlrq lq yduldqfh frpsduhg wr wkh xqkhgjhg uhwxuqv dprxqwv
wr derxw :80;8(/ fruurerudwlqj wkh idfw wkdw h{fkdqjh udwh fkdqjhv irup wkh sulpdu| vrxufh
ri ulvn lq lqwhuqdwlrqdo xqkhgjhg erqg sruwirolrv1 Wkh uhvxowv ri d yduldqfh ghfrpsrvlwlrq
+qrw uhsruwhg khuh/ dydlodeoh rq uhtxhvw, frqup wkdw wkh revhuyhg lqfuhdvhg yduldelolw| ri
frpprq fxuuhqf| uhwxuqv lqghhg ruljlqdwhv iurp wkh yduldelolw| ri wkh h{fkdqjh udwh +vhh
dovr Dqqdhuw +4<<7, iru h{dpsoh,1 Vhfrqg/ qrwh wkdw wkh uhgxfwlrq lq ulvn/ dv phdvxuhg e|
w k hy d u l d q f hl vqrw dffrpsdqlhg e| dq htxlydohqw uhgxfwlrq lq wkh phdq uhwxuq1 Lq idfw/ lq
rxu vdpsoh/ vrph ri wkh phdq uhwxuqv ri khgjhg sruwirolrv h{fhhg wkh rqhv iru qrq0khgjhg
uhwxuqv1 Wklv fdq eh dwwulexwhg wr wkh phdq ghsuhfldwlrq udwh ri wkh h{fkdqjh udwh1 Wklug/
dqg prvw lpsruwdqw lq wklv uhvhdufk lv wkh idfw wkdw wkh phdq uhwxuqv ri wkh khgjhg sruwirolrv
gr qrw frlqflgh zlwk wkh orfdo fxuuhqf| uhwxuqv/ qrwzlwkvwdqglqj wkh idfw wkdw h{fkdqjh udwh
ulvn lv khgjhg1 Wkh idfw wkdw wkhvh phdq uhwxuqv gr qrw frlqflgh lv d nh| lqglfdwlrq wkdw wkh
h{fkdqjh udwh sod|v d ixqgdphqwdo uroh/ qrw rqo| lq wkh ghwhuplqdwlrq ri wkh yrodwlolw| ri wkh
sruwirolr exw dovr lq wkh ghwhuplqdwlrq ri wkh phdq uhwxuq1 Wkh odwwhu hhfw lv riwhq ljqruhg
44lq wkh olwhudwxuh ehfdxvh ri lwv uhodwlyh vpdoo vl}h1
Lqvhuw wdeoh 7 khuh
Hyhq wkrxjk wkh dvvhw uhwxuq2h{fkdqjh udwh uhwxuq furvv0whup pd| eh vpdoo lq devroxwh
whupv lw fdqqrw eh ljqruhg iru wzr uhdvrqv1 Iluvw/ lw surylghv d nh| lqglfdwlrq ri wkh uroh ri wkh
h{fkdqjh udwh lq lqwhuqdwlrqdo qdqfh1 Pruh vshflfdoo|/ wklv furvv0whup wkhruhwlfdoo| hqvxuhv
wkdw iruhljq fxuuhqf| sulfhv ri ulvn duh frqyhuwhg lqwr orfdo sulfhv ri ulvn1 Vhfrqg/ hyhq wkrxjk
wkh hhfw ri wkh furvv whup pd| eh vpdoo lq devroxwh vl}h/ lw lv riwhq vwdwlvwlfdoo| vljqlfdqw/
lqglfdwlqj vrph vwuxfwxudo hhfw ri wkh furvv0whup rq wkh phdq kroglqj uhwxuqv1 Lq wdeoh 7
zh suhvhqw wkh fruuhodwlrq frh!flhqwv ri wkh orfdo h{fhvv kroglqj uhwxuqv zlwk wkh h{fkdqjh
udwh uhwxuqv1 Dv fdq eh vhhq iurp wklv wdeoh/ fruuhodwlrq frh!flhqwv duh riwhq vljqlfdqw dw
wkh <8( frqghqfh ohyho1
715 Sudfwlfdo lpsohphqwdwlrq
Dv phqwlrqhg ehiruh/ lq wkh sudfwlfdo lpsohphqwdwlrq ri wkh whvw vwdwlvwlfv zh xvh d wzr
vwhs dssurdfk1 Wkh uvw vwhs frqvlvwv ri d vwdqgdug idfwru dqdo|vlv rq orfdo fxuuhqf| h{fhvv
uhwxuqv wr owhu wkh lqwhuqdwlrqdo idfwruv I| dqg wkhlu uhvshfwlyh QP  N ordglqj pdwul{
O @+O￿>===>Og,1 Wkh vhfrqg vwhs wkhq surfhhgv zlwk d jhqhudol}hg phwkrg ri prphqw ds0
surdfk +Kdqvhq +4<;5,, wr hvwlpdwh wkh frxqwu|0vshflf pdunhw sulfhv ri ulvn dqg wr whvw wkh
ryhulghqwli|lqj uhvwulfwlrqv ri wkh prgho1 Wr h{wudfw wkh lqwhuqdwlrqdo idfwruv dqg wkhlu ordg0
lqjv iurp orfdo fxuuhqf| erqg uhwxuqv zh iroorz wkh phwkrgrorj| dv vhw rxw lq Dkq +4<<:,
dqg Gulhvvhq/ Phohqehuj/ dqg Qlmpdq +5333,1 Lq olqh zlwk wkh odwwhu/ zh dvvxph wkh iroorzlqj
olqhdu ruwkrjrqdo idfwru prgho iru h{fhvv erqg sruwirolr uhwxuqv=
h u| @ > . OI| . 0| +5:,
zkhuh I| ghqrwhv d N  4 yhfwru ri lqwhuqdwlrqdo idfwru ulvnv/ lqghshqghqw ri wkh fxuuhqf|

















Jlyhq wkhvh dvvxpswlrqv/ lw lv vwudljkwiruzdug wr vkrz wkdw wkh fryduldqfh pdwul{ +wkh fru0
uhodwlrq pdwul{ lv rewdlqhg e| dsso|lqj wklv dssurdfk wr uhvfdohg h{fhvv uhwxuqv, ri orfdo
fxuuhqf| h{fhvv uhwxuqv/ 
  H+u|u￿
|,/ pd| eh ghfrpsrvhg dv=

 @ OO￿ . = +5<,
Dq hljhqydoxh0hljhqyhfwru ghfrpsrvlwlrq ri wkh pdwul{ 
 doorzv xv wr uhfryhu wkh ordglqj
pdwul{ O dqg wkh dvvrfldwhg idfwruv fdq eh h{wudfwhg e| qrwlqj wkdw a I| @+ O￿O,
3￿ O￿ + u|  >,1
Dv vkrzq e| Edvlohyvn| +4<<7,/ vwdqgdug surfhgxuhv dv glvfxvvhg deryh qhhg wr eh uhvfdohg
wr dyrlg xszdug eldvhv lq wkh ordglqjv1 Pruh ghwdlov rq wkh uhvfdolqj surfhgxuh fdq eh irxqg
45lq dsshqgl{ D1 Qrwh wkdw wkh dvvxpswlrq ri lqghshqghqfh dqg xqlw yduldqfh rq wkh idfwruv
+vhh htxdwlrq +5;,, lv vx!flhqw wr lghqwli| wkh idfwruv xs wr d vljq wudqvirupdwlrq1 Wkhvh
vljq wudqvirupdwlrqv zloo ghwhuplqh wkh vljq ri wkh sulfhv ri ulvn exw zloo/ krzhyhu/ qrw dhfw
wkh whvw vwdwlvwlfv +htxdwlrqv +58, dqg +59,,1 Ghwhuplqlqj wkh dssursuldwh qxpehu ri idfwruv
wr dghtxdwho| ghvfuleh wkh fruuhodwlrq ehwzhhq erqg uhwxuqv odujho| uhpdlqv d vxemhfwlyh
lvvxh1 Lw lv dujxhg lq wkh olwhudwxuh wkdw d ylvxdo lqvshfwlrq ri wkh uhvlgxdo pdwul{ vkrxog
eh frpelqhg zlwk d VFUHH whvw dqg frpprq vhqvh wr frph xs zlwk wkh qxpehu ri idfwruv
qhhghg1 Wkrxjk wkh VFUHH whvw vxjjhvwv d plqlpdo qxpehu ri wkuhh idfwruv wr eh dghtxdwh/
zh irxqg wkh hqwulhv lq wkh uhvlgxdo pdwul{ wrr kljk dqg srvlwlyho| dhfwhg e| dgglqj d irxuwk
idfwru1 Lq wkh iroorzlqj/ zh fkrrvh wr uhsruw uhvxowv zlwk idfwru qxpehuv udqjlqj iurp N @4
xqwlo N @4 4 1 Reylrxvo|/ qrw doo wkhvh vhwwlqjv duh htxdoo| sodxvleoh1
716 Wkuhh0frxqwu| hvwlpdwlrq uhvxowv
71614 Whvw uhvxowv
Lq wklv vhfwlrq/ zh suhvhqw hylghqfh wkdw sulfhv ri ulvn duh glhuhqw dfurvv frxqwulhv dqg wkdw
wkh prgho fdqqrw eh uhmhfwhg iru vrph +wkrxjk qrw doo, prgho vshflfdwlrqv1 Wkh odwwhu
lpsolhv wkdw wkh h{fkdqjh udwh hhfwlyho| frqyhuwv sulfhv ri lqwhuqdwlrqdo ulvnv/ dv dujxhg
deryh lq wkh wkhruhwlfdo vhfwlrq1 Zh shuiruphg d JPP ryhulghqwli|lqj uhvwulfwlrqv whvw rq
d edwwhu| ri glhuhqw prgho vshflfdwlrqv1 Wkh prgho vshflfdwlrqv glhu zlwk uhvshfw wr
+l, wkh qxpehu ri idfwruv xvhg iru wkh olqhdu ruwkrjrqdo idfwru prgho/ +ll, wkh qxpehu ri
ryhulghqwli|lqj uhvwulfwlrqv +prphqwv,/ dqg +lll, wkh qxpehu ri iuhh sdudphwhuv doorzhg iru1
Frxqwu|0vshflf pdunhw sulfhv ri ulvn hvwlpdwhv Wkh hvwlpdwhg fxuuhqf|0vshflf
sulfhv ri ulvn iru wkh fdvh zkhuh 44 idfwruv duh uhwdlqhg pd| eh uhwulhyhg lq wdeoh 81W k hs u l f h v
ri ulvn gr qrw glhu pdunhgo| ehwzhhq prghov iru glhuhqw N/ gxh wr wkh ruwkrjrqdolw| ri wkh
N idfwruv +qrw vkrzq lq wdeoh,1 Vr wkh deryh uhvxowv iru wkh 44 idfwru yhuvlrq hqfdsvxodwh wkh
u h v x o w vr io r z h ui d f w r uq x p e h u vd vz h o o 1
Lqvhuw wdeoh 8 khuh
Wkh idfw wkdw zh xvhg wkh fruuhodwlrq pdwul{ ri wkh gdwd dv wkh edvlv iru wkh vshfwudo ghfrp0
srvlwlrq zloo ri frxuvh kdyh dq hhfw rq wkh vl}h ri wkh sulfhv ri ulvn dqg wkh idfwru ordglqjv
+sulfhv ri ulvn zloo eh kljkhu dqg ordglqjv orzhu zkhq xvlqj wkh fryduldqfh pdwul{,1 Krzhyhu/
lq wkh hqg wkh vdph uhvxow zrxog hphujh lq whupv ri h{shfwhg h{fhvv uhwxuqv +vhh h{shfwhg
erqg uhwxuq looxvwudwlrq ehorz,1
Duh sulfhv ri ulvn glhuhqw dfurvv frxqwulhvB Ehiruh whvwlqj li wkhuh lv hylghqfh iru
sulfh ri ulvn frqyhuvlrq dfurvv frxqwulhv/ rqh vkrxog dvfhuwdlq wkdw wkh sulfhv ri ulvn duh
lqghhg vwdwlvwlfdoo| glhuhqw iurp hdfk rwkhu dfurvv frxqwulhv1 Lq sdqho D ri wdeoh 9 zh
uhsruw "2
￿￿23g vwdwlvwlfv dqg fruuhvsrqglqj s0ydoxhv zkhq xvlqj +QP2 @6 9 , h{fhvv uhwxuq
prphqwv edvhg xsrq htxdwlrq +59, dqg zkhuh zh kdyh lpsrvhg sulfhv ri ulvn wr eh htxdo
46dfurvv frxqwulhv/ b￿r_ @ b}KR @ b_e61 Lpsrvlqj htxdolw| ri sulfhv ri ulvn dfurvv fxuuhqflhv/
zh fohduo| uhmhfw wkh qxoo k|srwkhvlv +wkh ydolglw| ri wkh 60frxqwu| LDSP, lq whupv ri dq|
qxpehu ri idfwruv wkdw vsdq orfdo fxuuhqf| erqg uhwxuqv1 Lqghhg/ s0ydoxhv fruuhvsrqglqj
wr "2
￿S3g vwdwlvwlfv gr qrw h{fhhg 8( iru dq| uhdvrqdeoh qxpehu ri idfwruv xvhg lq wkh uvw
froxpq1
Lqvhuw wdeoh 9 khuh
G rh { f k d q j hu d w h vh t x d o l } hs u l f h vr iu l v nd f u r v vf x u u h q f l h v B Wkh 60frxqwu| prgho
whvw uhvxowv zkhq orrvhqlqj wkh dvvxpswlrq ri htxdo sulfhv ri ulvn dfurvv frxqwulhv duh suhvhqwhg
lq sdqho E1 Wkh uvw froxpq ri sdqho E xvhv h{dfwo| wkh vdph prphqwv dv lq sdqho D dqg
wkxv suhvhqwv s0ydoxhv ehwzhhq eudfnhwv wkdw fruuhvsrqg wr "2
￿￿23￿g vwdwlvwlfv1 Zh vhh qrz
wkdw diwhu doorzlqj wkh sulfhv ri ulvn wr glhu ehwzhhq frxqwulhv zh duh qr orqjhu deoh wr uhmhfw
wkh prgho +dw <8( frqghqfh lqwhuydo, zkhq 9 ru pruh lqwhuqdwlrqdo idfwruv duh doorzhg iru1
Wkhvh uhvxowv lpso| wkh ydolglw| ri wkh prgho dqg ri wkh h{fkdqjh udwh ehlqj d sulfh ri ulvn
frqyhuwhu dfurvv fxuuhqflhv1
Wr vwuhqjwkhq wkh prgho whvw zh h{solflwo| lqfoxgh doo fryduldqfh prphqwv ehwzhhq h{0
fkdqjh udwh uhwxuqv dqg orfdo fxuuhqf| uhwxuqv dv h{wud ryhulghqwli|lqj prphqwv/ pdnlqj wkh
whvw hyhq vwurqjhu1 Zh frqvwuxfw wkh +P  4,QP @5 7p r p h q w vw k d wf r u u h v s r q gw rh t x d 0
wlrq +47, deryh1 Wkh vhfrqg froxpq lq sdqho E uhsruwv "2
Sf3￿g whvw vwdwlvwlfv zkhuh doo
5QP2  QP @9 3prphqwv/ dv ghqhg lq htxdwlrq +47, dqg +4<,/ duh lqfoxghg1 Zh vhh
wkdw/ zkhq wdnlqj doo ryhulghqwli|lqj prphqwv lqwr frqvlghudwlrq/ wkh hylghqfh lq idyru ri wkh
prgho grhv qrw glvdsshdu1 Lq d udqjh ehwzhhq 7 dqg : idfwruv/ wkh prgho fdqqrw eh uhmhfwhg1
Wkh whvw vwdwlvwlfv ri sdqho E duh wkh pdlq qglqjv ri wklv sdshu dqg lqghhg vxjjhvwv wkdw wkh
h{fkdqjh udwh frqyhuwv pdunhw sulfhv ri ulvn iurp rqh fxuuhqf| wr dqrwkhu1
71615 Looxvwudwlrq= lv ulvn frqyhuvlrq suhvhqw lq h{shfwhg uhwxuqvB
Li rxu prgho fdqqrw eh uhmhfwhg/ ulvn frqyhuvlrq vkrxog eh suhvhqw lq h{shfwhg uhwxuqv1 Wr
ylvxdol}h wklv/ zh frpsduh h{fhvv uhwxuqv iurp htxlydohqw lqyhvwphqwv lq glhuhqw fxuuhqflhv1
Dvvxph d xv lqyhvwru zkr frqvlghuv d xn lqyhvwphqw +xvg @ p dqg jes @ pW,1 Wkh h{shfwhg
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duh 4  N dqg N  4 yhfwruv
uhvshfwlyho|1 Dffruglqj wr LDSW/ wkh h{shfwhg uhwxuq wkdw wkh xv lqyhvwru h{shfwv wr uhfhlyh
rq klv xn lqyhvwphqw lv ghwhuplqhg e| wkh xv sulfhv ri ulvn1 Wkh uljkw kdqg vlgh vkrzv wkdw
wkh +srvvleo| idyrudeoh, iruhljq sulfhv ri ulvn fdq qrw eh uhdshg dqg duh frqyhuwhg wr wkh
grphvwlf rqhv e| fruuhfwlqj iru h{fkdqjh udwh ulvn1 Lq sudfwlfh/ zh rewdlq hvwlpdwhv a ￿r_
}KR ri
47wkh deryh wkhruhwlfdo h{fkdqjh udwh ordglqjv ￿r_
}KR iurp uhjuhvvlqj xqh{shfwhg h{fkdqjh udwh
fkdqjhv xsrq wkh N owhuhg idfwruv +vhh wdeoh :,81
Lqvhuw wdeoh : khuh
Ehfdxvh ri qr0duelwudjh frqglwlrqv/ wkh revhuyhg dyhudjh h{fhvv uhwxuq ri jes lqyhvwphqwv
diwhu h{fkdqjh udwh frqyhuvlrq wr xvg vkrxog qrw ghyldwh vwdwlvwlfdoo| iurp wkh dyhudjh h{fhvv
uhwxuqv h{shfwhg rq wkh htxlydohqw grphvwlf xvg sruwirolr1
O}KR
? b￿r_  O}KR
? b}KR . O}KR
? a ￿r_
}KR> +64,
Wkh glhuhqfh ehwzhhq wkh ohiw dqg uljkw kdqg vlgh lv gxh wr wkh hvwlpdwhg glhuhqfh ehwzhhq
wkh uhjuhvvlrq ordglqjv iru wkh h{fkdqjh udwh a ￿r_
}KR dqg wkh duelwudjh lpsrvhg srsxodwlrq ydoxh/
l1h1 ￿r_
}KR @ b￿r_  b}KR1 Lq uhwxuqv/ wklv glhuhqfh lv gxh wr lpshuihfw ulvn frqyhuvlrq=
vl}h ri lpshuihfw ulvn frqyhuvlrq @ O}KR
? +b￿r_  b}KR  a ￿r_
}KR,= +65,
Lq jxuh 4 zh ylvxdol}h h{shfwhg dqqxdol}hg h{fhvv uhwxuqv lq orfdo fxuuhqf| dqg lq frpprq
fxuuhqf|1 Wkh krul}rqwdo d{lv ri wkh wrs2plggoh2orzhu wzr sdqhov jlyh wkh h{shfwhg h{fhvv
uhwxuq rq wkh xv2xn2jhu erqg sruwirolrv dv uhfhlyhg e| wkhlu grphvwlf lqyhvwru +uhvshfwlyho|
xv2xn2jhu,1 Wkh yhuwlfdo d{lv ghqrwhv wkh h{shfwhg h{fhvv uhwxuq ri wkh iruhljq lqyhvwruv
ehiruh +eodfn ixoo grwv, dqg diwhu +hpsw| vtxduhv, frpprq fxuuhqf| ghqrplqdwlrq1 Wkh sodlq
olqh lv wkh 78 ghjuhhv olqh dqg ghqrwhv shuihfw ulvn frqyhuvlrq ru htxdolw| ri uhwxuqv1 Ylvxdoo|
dqg lq prvw fdvhv/ wkh ulvn frqyhuvlrq hhfw ri wkh h{fkdqjh udwh lqghhg eulqjv h{shfwhg
uhwxuqv forvhu wr wkh rqhv ri wkh grphvwlf lqyhvwru +forvhu wr wkh 78 ghjuhh olqh,1 Ru/ diwhu
fruuhfwlqj iru wkh h{fkdqjh ulvn/ h{shfwhg uhwxuqv duh pruh htxdo1 Wkh orzhu uljkw sdqho
vhhpv wr eh wkh h{fhswlrq dqg fruuhvsrqgv wr d Jhupdq lqyhvwru wkdw lqyhvwv lq wkh XN1
Rqh uhdvrq iru wkh devhqfh ri shuihfw frqyhuvlrq/ l1h1 iru wkh uhpdlqlqj glhuhqfh lq h{fhvv
uhwxuqv/ fdq reylrxvo| eh wkdw wkh ROV edvhg h{fkdqjh udwh vhqvlwlylwlhv frqwdlq hvwlpdwlrq
huuruv1 Wr wdnh wklv lqwr dffrxqw zh dgghg <8( frqghqfh lqwhuydov durxqg wkh k|srwkhvl}hg
ydoxh ￿r_
}KR @ b￿r_  b}KR1 Dv fdq eh lqihuuhg iurp wkh jxuh/ doo hvwlpdwhg ghyldwlrqv diwhu
h{fkdqjh udwh frqyhuvlrq idoo zlwklq wkhvh erxqgv/ |lhoglqj wkh frqfoxvlrq wkdw zh fdqqrw
uhmhfw wkh k|srwkhvlv ri dssursuldwh h{fkdqjh udwh frqyhuvlrq lq d vwdwlvwlfdo vhqvh dw wkh 8(
ohyho1 Wklv hylghqfh looxvwudwhv dqg vxjjhvwv djdlq wkdw h{fkdqjh udwhv gr frqyhuw iruhljq
sulfhv ri ulvn wr wkh grphvwlf rqhv1
Lqvhuw wdeoh ; khuh
8Wdeoh . uhsruwv ROV frh!flhqwv zkhq h{fkdqjh udwh uhwxuqv +lq orjv, duh uhjuhvvhg xsrq wkh lqwhuqdwlrqdo
idfwruv wkdw vsdq orfdo fxuuhqf| erqg uhwxuqv1 Uhvxowv duh uhsruwhg iru wkh pd{lpxp qxpehu ri idfwruv
frqvlghuhg +l1h1 ,1 Qrwh wkdw uhvxowv iru g	 duh mxvw d vxevhw ri wkh wdeoh/ ri frxuvh/ gxh wr wkh
dvvxuhg ruwkrjrqdolw| ri wkh idfwruv1 Iurp wkh orz frh!flhqwv ri ghwhuplqdwlrq +qrw uhsruwhg khuh/ dydlodeoh
rq uhtxhvw,/ lw dsshduv wkdw wkh h{fkdqjh udwh dggv vrph qhz ulvn wkdw fdqqrw eh fdswxuhg e| erqg pdunhw
uhwxuqv1 Wkh -
2 udqjhv iurp d orz ri D( iru wkh jes2ghp h{fkdqjh udwh uhwxuq + erqg uhwxuq idfwruv,
w rdk l j kr i2SD(+  idfwruv/ 7
￿r_
}KR uhwxuq,1 W|slfdoo|/ lw lv derxw f(w rD(1 Dssduhqwo|/ fxuuhqf|
 xfwxdwlrqv duh odujho| h{sodlqhg e| qrq0erqg pdunhw pryhphqwv +vwrfn sulfh uhwxuqv/ pdfurhfrqrplf idfwruv
dqg lglrv|qfudwlf qrlvh,1
48Lq rughu wr h{dplqh zkhwkhu ru qrw wklv eldv lv zlwklq wkh olplwv ri wudqvdfwlrq frvwv/ zh
frpsxwhg wkh devroxwh shu dqqxp glhuhqfh ehwzhhq wkh grphvwlf h{shfwhg h{fhvv uhwxuq
dqg wkh rqh wkdw d iruhljq lqyhvwru uhfhlyhv/ ehiruh dqg diwhu ulvn frqyhuvlrq1 Wkh uhvxowv duh
suhvhqwhg lq wdeoh ;1 Iurp wkh wdeoh/ lw fdq eh vhhq wkdw wkh ulvn frqyhuvlrq lqghhg uhgxfhv
wkh glhuhqfh ehwzhhq h{shfwhg h{fhvv uhwxuqv ehwzhhq grphvwlf dqg iruhljq lqyhvwruv1 Wklv
lv wuxh rq dyhudjh iru doo fdvhv/ h{fhsw iru wkh Jhupdq erqgv lqyhvwhg lq e| xn lqyhvwruv1 Lq
dq| fdvh/ wkh lqfuhdvh lq wkh glhuhqfh lv qrw vljqlfdqw hqrxjk wr suhvhqw vwdwlvwlfdo hylghqfh
djdlqvw wkh prgho/ dv zh kdyh vhhq lq wdeoh 91 Lq doo rwkhu fdvhv/ wklv glhuhqfh lv uhgxfhg/
vrphwlphv pdunhgo| +h1j1 iru d xn lqyhvwru wkdw lqyhvwv lq wkh xv wkh glhuhqfh gursv iurp
dq dyhudjh ri 7=85( wr 3=86(/ zhoo zlwklq wudqvdfwlrq frvw olplwv,1 Li zh dvvxph dyhudjh
wudqvdfwlrq frvwv wr eh dv kljk dv 5=8(/ wkhq wkh ulvn uhgxfwlrq fdq eh frqvlghuhg dghtxdwh1
Li wudqvdfwlrq frvwv duh hvwhhphg wr eh orzhu rq dyhudjh/ wkh glhuhqwldov frxog eh gxh wr d
odfn ri gdwd dqg khqfh vljqlfdqfh ri srlqw hvwlpdwhv1
8 Frqfoxvlrqv
Wkh vlpxowdqhrxv dqg duelwudjh0iuhh prgholqj ri dvvhw uhwxuqv dqg h{fkdqjh udwhv |lhogv
vhyhudo whvwdeoh prgho fodlpv1 Wkh prvw lpsruwdqw lpsolfdwlrq lv wkdw wkh h{fkdqjh udwh
vhuyhv wkh uroh ri htxdol}lqj sulfhv ri ulvn dfurvv fxuuhqflhv1 Eudqgw dqg Vdqwd0Fodud +5334,/
Edqvdo +4<<8,/ Oxqg +4<<<, dqg Ghzdfkwhu dqg Pdhv +5334, doo ghulyh dqg glvfxvv wklv nh|
uhodwlrqvkls lq d frqglwlrqdo iudphzrun1 Ri frxuvh/ li wklv uhodwlrq lv wr krog frqglwlrqdoo|/
wkhq lw vkrxog dw ohdvw krog xqfrqglwlrqdoo| dv zhoo +wkh rssrvlwh lv qrw qhfhvvdulo| wuxh,1
Khqfh/ lq wklv sdshu zh irfxv rq wkh xqfrqglwlrqdo yhuvlrq ri wklv qr0duelwudjh fruroodu|/
xvlqj d olqhdu idfwru prgho iru orfdo fxuuhqf| erqg uhwxuqv1
Zh hpsor| d wzr vwhs dssurdfk wr hvwlpdwh wkh prgho iru XV/ XN/ dqg Jhupdq erqg
sruwirolr uhwxuq gdwd1 Wkh uvw vwhs frqvlvwv ri d vwdqgdug idfwru dqdo|vlv rq orfdo fxuuhqf|
h{fhvv uhwxuqv wr owhu wkh lqwhuqdwlrqdo idfwruv dqg wkhlu uhvshfwlyh ordglqj pdwul{1 Wkh
vhfrqg vwhs wkhq surfhhgv zlwk d jhqhudol}hg phwkrg ri prphqw dssurdfk wr hvwlpdwh wkh
frxqwu|0vshflf pdunhw sulfhv ri ulvn1 Wkh odwwhu vwhs hqdeohv xv wr whvw pdq| ri wkh prgho
fodlpv e| phdqv ri vlpsoh ryhulghqwli|lqj uhvwulfwlrqv whvwv1
Rxu pdlq qglqjv pd| eh vxppdul}hg dv iroorzv1 Iluvw/ zh qg vwdwlvwlfdo hylghqfh wkdw
sulfhv ri ulvn glhu dfurvv frxqwulhv1 Vhfrqg/ hpsor|lqj ryhulghqwli|lqj uhvwulfwlrqv whvwv iru d
edwwhu| ri prgho vshflfdwlrqv zh duh xqdeoh wr uhmhfw wkh k|srwkhvlv wkdw wkh h{fkdqjh udwh
lv dq xqfrqglwlrqdo ulvn sulfh frqyhuwhu dfurvv fxuuhqflhv1 Wklv frqfoxvlrq lv urexvw wr wkh
h{solflw lqfoxvlrq ri wkh fryduldqfh uhvwulfwlrqv ehwzhhq dvvhw sulfh uhwxuqv dqg h{fkdqjh udwh
uhwxuqv1 Wklug dqg dv dq looxvwudwlrq/ zh vkrz wkdw h{shfwhg h{fhvv uhwxuqv iurp grphvwlf dqg
iruhljq lqyhvwphqwv +zlwk htxdo ordglqjv, dssurdfk rqh dqrwkhu lq d vwdwlvwlfdoo| dqg ylvleo|
vljqlfdqw zd| zkhq |rx frqyhuw wkh iruhljq fxuuhqf| lqyhvwphqw surfhhgv lqwr d frpprq
fxuuhqf|1 Wkrxjk wkh glhuhqfh lq h{shfwhg h{fhvv uhwxuqv grhv qrw glvdsshdu frpsohwho|/
wkh devroxwh vl}h ri wkh glhuhqfh vhhpv wr eh zlwklq wudqvdfwlrq frvw olplwv1 Ryhudoo/ uhvxowv
fdoo iru pruh xqfrqglwlrqdo dqg frqglwlrqdo uhvhdufk rq wkh uroh ri h{fkdqjh udwhv zlwklq
49duelwudjh0iuhh sulflqj prghov1
4:Uhihuhqfhv
^4` Dkq/ G0M1 +4<<:,/ Frpprq Idfwruv dqg Orfdo Idfwruv = Lpsolfdwlrqv iru Whup Vwuxf0
wxuhv dqg H{fkdqjh Udwhv/ Zrunlqj sdshu/ Mdqxdu|1
^5` Dqqdhuw/ M1 +4<<7,/ Wkh Lqwhuqdwlrqdo Glyhuvlfdwlrq ri Erqg Sruwirolrv/ Grfwrudo
Glvvhuwdwlrq/ Xqlyhuvlw| ri Dqwzhus/ Ehojlxp1
^6` Edqvdo/ U1 +4<<8,/ Wkh G|qdplfv ri Pxowlsoh Whup Vwuxfwxuhv dqg H{fkdqjh Udwh
Pryhphqwv/ zrunlqj sdshu/ Ixtxd vfkrro ri Exvlqhvv/ Gxnh Xqlyhuvlw|/ Mxo|1
^7` Edvlohyvn|/ D1 +4<<7,/ Vwdwlvwlfdo Idfwru Dqdo|vlv dqg Uhodwhg Phwkrgv/ Mrkq Zloh|
dqg Vrqv1
^8` Eudqgw/ P1 dqg S1 Vdqwd0Fodud +5334,/ Vlpxodwhg Olnholkrrg Hvwlpdwlrq ri Glxvlrqv
zlwk dq Dssolfdwlrq wr H{fkdqjh Udwh G|qdplfv lq Lqfrpsohwh Pdunhwv/ Mrxuqdo ri
Ilqdqfldo Hfrqrplfv/i r u w k f r p l q j 1
^9` Fkr/ F1/ F1 Hxq/ dqg O1 Vhqehw +4<;9,/ Lqwhuqdwlrqdo Duelwudjh Sulflqj Wkhru|= Dq
Hpslulfdo Lqyhvwljdwlrq/ M r x u q d or iI l q d q f h /Y r o 1[ O L /Q r 15 /M x q h 1
^:` Frfkudqh/ M1 +4<<9,/ D Furvv0Vhfwlrqdo Whvw ri dq Lqyhvwphqw0Edvhg Dvvhw Sulflqj Prg0
ho/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ ss1 8:509541
^;` Ghzdfkwhu/ K1 dqg N1 Pdhv +5334,/ Dq Dgplvvleoh D!qh Prgho iru Mrlqw Whup Vwuxf0
wxuh G|qdplfv ri Lqwhuhvw Udwhv/ xsgdwhg FHV Glvfxvvlrq sdshu 341391
^<` Gulhvvhq/ M1/ E1 Phohqehuj/ dqg W1 Qlmpdq +5333,/ Frpprq Idfwruv lq Lqwhuqdwlrqdo
Erqg Uhwxuqv/ Fhqwhu iru Hfrqrplf Uhvhdufk/ Zrunlqj Sdshu Qr1 53330<41
^43` Hxq/ F1 dqg E1 Uhvqlfn +4<;;,/ H{fkdqjh udwh xqfhuwdlqw|/ iruzdug frqwudfwv/ dqg
lqwhuqdwlrqdo sruwirolr vhohfwlrq/ M r x u q d or iI l q d q f h / 76/ ss1 4<:05481
^44` Ilvkhu/ P1 dqg F1 Jloohv +5334,/ Irufhv wkdw vkdsh wkh |lhog fxuyh= sduwv 4 dqg 5/
zrunlqj sdshu/ Pdufk 53341
^45` Kdqvhq/ O1 +4<;5,/ Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrgv ri Prphqwv Hvwl0
pdwruv/ Hfrqrphwulfd/ 83/ ss1 435<043871
^46` Kdugrxyholv/ J1/ Pdooldursxorv/ G1/ dqg U1 Sulhvwoh| +4<<<,/ HPX dqg wkh Hxurshdq
Vwrfn Pdunhw Lqwhjudwlrq/ FHSU Glvfxvvlrq Sdshuv/ Qr 5457/ ss1 991
^47` Lnhgd/ V1 +4<<4,/ Duelwudjh Dvvhw Sulflqj xqghu H{fkdqjh Ulvn/ M r x u q d or iI l q d q f h /
Yro1 [OYL/ 4/ Pdufk1
^48` Oxqg/ M1 +4<<<,/ D Prgho iru Vwxg|lqj wkh Hhfw ri HPX rq Hxurshdq \lhog Fxuyhv/
Hxurshdq Ilqdqfh Uhylhz/5 /s s 16 5 4 0 6 9 6 1
4;^49` Sld}}hvl/ P1 +5334,/ Dq Hfrqrphwulf Prgho ri wkh \lhog Fxuyh zlwk Pdfurhfrqrplf
Mxps Hhfwv/ QEHU Zrunlqj Sdshu Qr1 ;5791
^4:` Urvv/ V1 +4<:9,/ Wkh Duelwudjh Wkhru| ri Fdslwdo Dvvhw Sulflqj/ Mrxuqdo ri Hfrqrplf
Wkhru|/ 46/ ss1 67406931
^4;` Vhufx/ S1 +4<;3,/ D Jhqhudol}dwlrq ri wkh Lqwhuqdwlrqdo Dvvhw Sulflqj Prgho/ Uhyxh gh
oDvvrfldwlrq Iudqêdlvh gh Ilqdqfh/ 4+4,/ ss1 <404681
^4<` Vroqln/ E1 +4<:7,/ Wkh Lqwhuqdwlrqdo Sulflqj ri Ulvn= dq Hpslulfdo Lqyhvwljdwlrq ri wkh
Zruog Fdslwdo Pdunhw Vwuxfwxuh/ M r x u q d or iI l q d q f h / 5</ Pd|/ ss1 7;0871
^53` Vroqln/ E1 +4<::,/ Whvwlqj Lqwhuqdwlrqdo Sulflqj= Vrph Shvvlplvwlf Ylhzv/ Mrxuqdo ri
Ilqdqfh/ Pd|/ ss1 83608451
^54` Vroqln/ E1 +4<;6,/ Lqwhuqdwlrqdo Duelwudjh Sulflqj Wkhru|/ Mrxuqdo ri Ilqdqfh/6 ; /
Pd|/ ss1 77<078:1
4<Dsshqgl{= sulqflsdo idfwru dqdo|vlv
Dq ruwkrjrqdo idfwru prgho zlwk N f r p p r qi d f w r u vl vv x p p d u l } h gd vi r o o r z v =





























zkhuh  lv gldjrqdo1 Wklv ruwkrjrqdo prgho lpsolhv iroorzlqj fryduldqfh vwuxfwxuh iru + u|  >,
=

 @ OO￿ .  +68,
Wr hvwlpdwh wkh hohphqwv O wkh phwkrg ri sulqflsdo frpsrqhqw dqdo|vlv lv zlgho| xvhg1 Vshf0




￿ . === . ￿￿c￿￿h￿￿h￿
￿￿ +69,
zkhuh ￿c￿ A === A ￿￿c￿￿ duh wkh rughuhg hljhqydoxhv dqg h￿/ h2/1 1 1 /h￿￿ duh wkh dvvrfldwhg
qrupdol}hg hljhqyhfwruv vxfk wkdw h￿h￿
￿ @4 1 Dv zh zdqw wr h{sodlq wkh fryduldqfh vwuxfwxuh










































@ OO￿ . 
zkhuh lw lv dvvxphg wkdw  @ Z  OO￿ lv rewdlqhg e| vhwwlqj wkh r0gldjrqdo hohphqwv wr
}hur19 Wklv phwkrgrorj| wr rewdlq hvwlpdwhv ri O dqg / dssolhg wr wkh vdpsoh fruuhodwlrq
pdwul{ V lv nqrzq dv wkh ruglqdu| sulqflsdo frpsrqhqw dqdo|vlv/ dv wkh idfwru ordglqjv duh
lq idfw vfdohg frh!flhqwv ri wkh uvw N sulqflsdo frpsrqhqwv1 Edvlohyvn| +4<<7,v k r z vw k d w
w k hr u g l q d u |s u l q f l s d of r p s r q h q wv r o x w l r ql vx s z d u ge l d v h g 1W k h u h i r u hr q hk d vw rp x o w l s o |




= Zkhq wkh uhvlgxdo yduldqfh wxuqv rxw wr eh vpdoo/

















9Zkhq wkh r0gldjrqdo hohphqwv duh qrw forvh wr }hur/ wklv pd| lqglfdwh rpplwhg idfwruv1
53Qrz wkdw zh kdyh ghqhg idfwru ordglqjv O dqg wkh yduldqfh ri wkh vshflf frpsrqhqwv 
zh fdq jhqhudwh hvwlpdwhv ri wkh ydoxhv iru wkh odwhqw idfwruv I| xvlqj d vlpsoh ROV surfhgxuh
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Wdeoh 4= Orfdo fxuuhqf| sruwirolr uhwxuq vxppdu| vwdwlvwlfv +4<;:=705333=<,1
Sruwirolr Phdq Vwg Plq Pd{ Nxuw Vnhz ME 4￿
xv￿ 313977 31339: 31346< 314758 61:953 319;;9W 4919537W 3195<5
xv2 313:8< 31356: 0314565 315;94 5197;7 31488: 417;37 315469
xv￿ 313;;< 313836 0316873 31875< 51:;<; 313948 316<:< 314673
xve 3143;6 313;:9 031:75; 31<5;3 613837 3136:5 313875 313848
xn￿ 313;;: 31343< 03133:3 31547< 617;56 31<4;<W 571549<W 319:66
xn2 313<7: 3135:5 0314;7< 318799 :16735W 414;5<W 4961<439W 315859
xn￿ 314366 31387; 0318:8: 31;94; 9133::W 319:4<W :51;338W 314<96
xne 31455: 313;<8 031<<5; 413889 713<55W 3147;9 ;18<7:W 31486:
jhu￿ 31389; 3133:: 313373 31478; 518;95 318;55W 431577<W 31:;69
jhu2 313949 3134<8 03144<; 31695< 814337W 31847;W 691:388W 316;::
jhu￿ 313:39 313733 0316789 3187:; 61:79: 0313456 61:779 315;:<
jhue 313;73 313967 031:;7< 318<:4 6197<9 03179;3 ;1:3:<W 314;:6
Hqwulhv frqfhuq uhwxuq vxppdu| vwdwlvwlfv1 Phdq ghqrwhv wkh dulwkphwlf dyhudjh/ Vwg vwdqgdug
ghyldwlrq/ Plq dqg Pd{ plqlpxp dqg pd{lpxp/ Nxuw h{fhvv nxuwrvlv/ Vnhz vnhzqhvv/ ME Mdutxh0
Ehud whvw vwdwlvwlf iru qrupdolw| dqg 4￿ uvw rughu dxwrfruuhodwlrq1 Vwdwlvwlfdo vljqlfdqfh dw wkh
D( ohyho iru Nxuw/ Vnhz dqg ME lv ghqrwhg e| d vxshuvfulsw dvwhulvn1 Fulwlfdo ydoxhv duh fD2 iru
Vnhz/ bS. dqg ef2e iru Nxuw/ Dbb iru ME1 Phdq/ Plq dqg Pd{ duh dqqxdol}hg e| pxowlso|lqj
e| 21 Vwdqgdug ghyldwlrq e| pxowlsolfdwlrq ri
I
21 Doo vwdwlvwlfv +dqg fulwlfdo ydoxhv, duh edvhg
xsrq S revhuydwlrqv1
54Wdeoh 5= Frpprq fxuuhqf| xqkhgjhg sruwirolr uhwxuq vhohfwhg vxppdu| vwdwlvwlfv
+4<;:=705333=<,1
Sruwirolr xvg jes ghp
Phdq Vwg Phdq Vwg Phdq Vwg
xv￿ 313977 31339: 313:<8 3143:3 313;96 3143:<
xv2 313:8< 31356: 313<3: 314396 313<:5 314388
xv￿ 313;;< 313836 314368 314467 3143<: 314433
xve 3143;6 313;:9 314563 314684 3145;< 3145<4
xn￿ 313;79 31438; 313;;: 31343< 313<;4 313:89
xn2 313<35 31438: 313<7: 3135:5 314373 313:;4
xn￿ 313<;7 314459 314366 31387; 314459 313<4<
xne 3144:: 314655 31455: 313;<8 314657 3144<7
jhu￿ 313797 3143;9 313866 313:<; 31389; 3133::
jhu2 313845 314433 3138;5 313;74 313949 3134<8
jhu￿ 313934 31446< 3139:6 313<53 313:39 313733
jhue 313:67 314576 313;39 314374 313;73 313967
Hqwulhv frqfhuq uhwxuq vxppdu| vwdwlvwlfv1 Wkh frpprq fxuuhqflhv lq zklfk
wkh uhwxuqv duh h{suhvvhg pd| eh uhwulhyhg lq wkh uvw urz1 Phdq ghqrwhv
wkh dulwkphwlf dyhudjh/ Vwg vwdqgdug ghyldwlrq1 Wkh phdq lv dqqxdol}hg e|
pxowlso|lqj e| 21 Vwdqgdug ghyldwlrq e| pxowlsolfdwlrq ri
I
21 Doo vwdwlvwlfv
+dqg fulwlfdo ydoxhv, duh edvhg xsrq S revhuydwlrqv1
Wdeoh 6= Frpprq fxuuhqf| khgjhg sruwirolr uhwxuq vxppdu| vwdwlvwlfv +4<;:=70
5333=<,1
Hqwulhv frqfhuq uhwxuq vxppdu| vwdwlvwlfv1 Phdq ghqrwhv 2 prqwko| phdq/ Vwg
I
2 wlphv wkh prqwko| vwdqgdug
ghyldwlrq/ (U Uwkh ( ulvn uhgxfwlrq/ dv dssur{lpdwhg e| wkh ( uhgxfwlrq lq sruwirolr uhwxuq yduldqfh frpsduhg
wr wkh xqkhgjhg dowhuqdwlyh1 Wkh dyhudjh ri wkhvh lv wdnhq ryhu doo +qrq}hur, hohphqwv1 Qrwh wkdw zh frpsxwhg
khgjhg uhwxuqv dffruglqj wr wkh dssur{lpdwlrq dv suhvhqwhg lq Dqqdhuw +bbe,1 Wkh h{dfw irupxod lv rqo|
voljkwo| pruh frpsolfdwhg dqg |lhoghg doprvw lghqwlfdo uhvxowv1
Sruwirolr xvg jes ghp
Phdq Vwg ( UU Phdq Vwg ( UU Phdq Vwg ( UU
xv￿ 313977 31339: 3136;6 3133;7 0<<16< 3139<4 31345; 0<;18;
xv2 313:8< 31356: 3137<; 313569 0<8139 313;39 313588 0<7147
xv￿ 313;;< 313836 31395; 313833 0;318< 313<69 31383: 0:;1:7
xve 3143;6 313;:9 313;56 313;:6 08;14< 314463 313;:: 0861;5
xn￿ 31447; 31349: 0<:185 313;;: 31343< 3144<8 313494 0<8179
xn2 31453; 313637 0<41:4 313<7: 3135:5 314588 3135<3 0;9153
xn￿ 3145<6 31389; 0:7187 314366 31387; 314674 313886 0961:<
xne 3147;; 313<3< 085199 31455: 313;<8 314868 313;<9 076199
jhu￿ 313853 313485 0<;136 313593 313448 0<:1<5 31389; 3133::
jhu2 31389< 313575 0<8148 31363; 313555 0<6137 313949 3134<8
jhu￿ 31398< 31375< 0;81;5 3136<; 313753 0:<14: 313:39 313733
jhue 313:<5 313986 0:5174 313865 31397; 09415; 313;73 313967
DYHU 0;617; 0;613; 0:91;3
55Wdeoh 7= Fruuhodwlrqv ehwzhhq orfdo fxuuhqf| uhwxuqv dqg h{fkdqjh udwh uhwxuqv
+4<;:=705333=<,1
xvg2jes xvg2ghp jes2ghp
xv￿ 314337 +415:54, 31457: +418;83W,
xv2 314989 +5144:6W, 31576; +614:36W,
xv￿ 31454; +4187:7W, 315466 +51:867W,
xve 31395: +31:<55, 3148;4 +5134;9W,
xn￿ 031366; +031759:, 314;38 +51646:W,
xn2 031478< +041;8<7W, 31469< +41:759W,
xn￿ 0314794 +041;95:W, 313943 +31::3:,
xne 0314376 +041655:, 03134<9 +03157:9,
jhu￿ 3146;3 +41:897W, 31549< +51;346W,
jhu2 31373; +318479, 314<46 +5178;5W,
jhu￿ 03135<3 +031698:, 31438; +416755,
jhue 0313554 +0315:;;, 3138;9 +31:736,
Hqwulhv duh fruuhodwlrqv ehwzhhq orfdo fxuuhqf| uhwxuqv dqg h{fkdqjh udwh
uhwxuqv +|0vwdwlvwlfv ehwzhhq eudfnhwv,1 Wkh odwwhu duh frpsxwhg dv wkh
uvw glhuhqfh ri wkh orj ri wkh ohyho1 Vwdwlvwlfdo vljqlfdqfh dw wkh bDI
frqghqfh ohyho lpsolhv d fxw0r srlqw ri SeD iru d rqh0vlghg dqg bS
iru d wzr0vlghg whvw1 Wkh fruuhodwlrqv ghqrplqdwhg zlwk d vxshuvfulsw
vwdu duh vljqlfdqw dw wkh bDI frqghqfh lqwhuydo +rqh vlghg k|srwkhvlv,1
Wdeoh 8= JPP uhvxowv= hvwlpdwhg sulfhv ri ulvn iru wkh 60frxqwu| prgho1
Zh suhvhqw uhvxowv iru d g ' idfwru prgho1 Hdfk frxqwu| lv doorzhg wr
kdyh d glhuhqw sulfh ri ulvn rq hdfk idfwru/ dqg khqfh zh udssruw wkh 
pdunhw sulfhv ri ulvn rewdlqhg iurp d JPP dqdo|vlv zlwk Sf prphqwv dv
vshflhg lq htxdwlrq +47, dqg +4<,1 Sulqflsdo idfwru dqdo|vlv zdv shuiruphg
rq wkh fruuhodwlrq pdwul{ +vhh wh{w,1





4 313358 +31334<, 31334< +313354, 313349 +313346,
5 031335< +31335;, 31334< +313358, 313346 +313356,
6 313359 +313358, 313378 +313357, 313375 +31335;,
7 31333; +313355, 313366 +313354, 31337; +313355,
8 313346 +313357, 31334< +313355, 0313339 +313356,
9 031337; +313357, 031335; +313356, 0313346 +313357,
: 031338; +31335:, 0313365 +313358, 0313396 +313359,
; 313367 +313358, 313333 +313359, 313355 +313358,
< 0313344 +31336:, 3133:5 +31336:, 313396 +313369,
43 0313363 +313353, 031333; +313349, 0313353 +313349,
44 313354 +313357, 313354 +31335<, 313379 +31335;,
56Wdeoh 9= JPP ryhulghqwli|lqj uhvwulfwlrqv 60frxqwu| prgho whvw vwdwlvwlfv
Wkh qxoo k|srwkhvlv iru wklv ryhulghqwli|lqj uhvwulfwlrqv whvw lv wkh k|srwkhvlv
wkdw wkh 0frxqwu| LDSP lv ydolg1 Hqwulhv duh 
2
_s 0glvwulexwhg vwdwlvwlfv iurp d
vwdqgdug JPP ryhulghqwli|lqj uhvwulfwlrqv whvw/ zlwk ghjuhhv ri iuhhgrp +_s ,
htxdo wr wkh qxpehu ri prphqwv plqxv wkh qxpehu ri iuhh sdudphwhuv +sulfhv
ri ulvn,1 Ehwzhhq eudfnhwv duh wkh fruuhvsrqglqj R0ydoxhv lq I srlqwv1 Sdqho
D vkrzv wkh prgho whvw vwdwlvwlfv Aa
2
A ri htxdwlrq +59, zkhuh zh lpsrvhg wkh
pdunhw sulfhv ri ulvn wr eh htxdo dfurvv frxqwulhv +&iuhh sdudphwhuv @ g,d q g
zkhuh prphqwv +47, duh xvhg1 Sdqho E doorzv sulfhv ri ulvn wr glhu ehwzhhq
frxqwulhv +& iuhh sdudphwhuv @ g, dqg shuirupv wkh vdph whvw1 Wkh uvw
froxpq fruuhvsrqgv wr Aa
￿
A ri htxdwlrq +58,1 Wkh vhfrqg froxpq ri sdqho E
suhvhqwv uhvxowv zkhuh wkh fryduldqfh prphqwv ri htxdwlrq +4<, duh lqfoxghg
dv zhoo1
SDQHO D
b￿r_ @ b}KR @ b_e6















b￿r_ 9@ b}KR 9@ b_e6




6613 +315, 8:13 +313,
6313 +318, 8713 +313,
5:13 +41:, 8413 +313,
5713 +416, 7;13W +4518,
5413 +514, 7813W +4417,
4;13W +;14, 7513W +4619,
4813W +<16, 6<13W +:1;,
4513W +:14, 6913 +714,
<13W +6914, 6613 +518,
913W +7416, 6313 +416,
613W +7719, 5:13 +319,
57Wdeoh := ROV hvwlpdwhv iurp uhjuhvvlqj h{fkdqjh udwh uhwxuqv xsrq lqwhuqdwlrqdo
orfdo fxuuhqf| idfwruv1













sS lv ghqhg dv wkh glvfuhwh wlph uvw glhuhqfh
ri wkh fruuhvsrqglqj orj h{fkdqjh udwh ohyho1 Wkh frpprq idfwruv 8&/ & ' tccg/
kdyh ehhq h{wudfwhg iurp d sulqflsdo idfwru dqdo|vlv shuiruphg rq orfdo fxuuhqf| h{fhvv
erqg sruwirolr uhwxuqv dv ghvfulehg lq wkh wh{w1 Vwdqgdug huuruv duh lqfoxghg ehwzhhq
eudfnhwv1 D vxshuvfulsw vwdu ghqrwhv vljqlfdqfh dw wkh D( ohyho1
a ￿S






sScf 0313349 +313356, 313335 +31334;, 0313347 +313357,
a ￿S
sSc￿ 0313347 +313354, 313357 +31334:, 313343 +313355,
a ￿S
sSc2 0313393W +313354, 0313343 +31334:, 03133:3W +313355,
a ￿S
sSc￿ 031334; +313354, 0313336 +31334:, 0313354 +313355,
a ￿S
sSce 0313373 +313354, 0313359 +31334:, 0313399W +313355,
a ￿S
sScD 0313348 +313354, 313387W +31334:, 31336< +313355,
a ￿S
sScS 0313365 +313354, 0313353 +31334:, 0313385W +313355,
a ￿S
sSc. 031337<W +313354, 313376W +31334:, 031333: +313355,
a ￿S
sScH 313366 +313354, 031334; +31334:, 313347 +313355,
a ￿S
sScb 0313446W +313354, 313356 +31334:, 03133<4W +313355,
a ￿S
sSc￿f 0313385 +313368, 31333; +31335:, 0313377 +313369,
a ￿S
sSc￿￿ 313348 +313354, 031335: +31334:, 0313345 +313355,
58Wdeoh ;= Lv ulvn frqyhuvlrq suhvhqw lq h{shfwhg uhwxuqv B
Wklv wdeoh uhsruwv wkh devroxwh ghyldwlrq ri wkh shu
dqqxp h{shfwhg h{fhvv uhwxuq ehwzhhq lqyhvwruv ri
glhuhqw qdwlrqdolwlhv ehiruh dqg diwhu h{fkdqjh ulvn
frqyhuvlrq dqg dffruglqj wr wkh uhvxowv rewdlqhg zlwk
d S idfwru2Sf prphqwv prgho1 Wkh ghyldwlrqv fdq
dovr eh vhhq judsklfdoo| lq jxuh 4 dv wkh glvwdqfhv
wr wkh shuihfw frqyhuvlrq olqh +eD ghjuhhv olqh,1 Hoh0
phqwv +4/4, dqg +4/5, ri wkh wdeoh ehorz duh frpsxwhg



































zkhuh ehiruh dqg diwhu vwdqg iru h{shfwhg h{fhvv uh0
wxuqv lq orfdo fxuuhqf| dqg frqyhuwhg lqwr frpprq
fxuuhqf| uhvshfwlyho|1 @eo ghqrwhv wkh dyhudjh de0
vroxwh ghyldwlrq dfurvv wkh irxu erqgv1
XV erqgv
XN lqyhvwru Jhupdq lqyhvwru
( ehiruh diwhu ehiruh diwhu
xv￿ 313777 313357 3136:4 313553
xv2 3137;7 313378 3137;7 3135:7
xv￿ 31378; 313397 3137;4 31359:
xve 313755 3133;3 313776 31356:
dyhu 313785 313386 313778 31357<
XN erqgv
XV erqgv Jhupdq lqyhvwru
( ehiruh diwhu ehiruh diwhu
xn￿ 31358; 3134;6 313543 31347:
xn2 3135;4 31355< 3133<: 313436
xn￿ 3135<4 31356; 313355 31338:
xne 313585 31355: 313373 31335<
dyhu 3135:3 31354< 3133<5 3133;7
JHU erqgv
XV lqyhvwru XN lqyhvwru
( ehiruh diwhu ehiruh diwhu
jhu￿ 31358: 31338; 3133:6 313499
jhu2 3133;3 313368 31336< 313538
jhu￿ 313364 3133;< 313336 3134<:
jhue 3133:4 313438 313359 3134<4
dyhu 31343< 3133:5 313368 3134<3
59Iljxuh 4= Dssolfdwlrq= wkh hhfw ri h{fkdqjh udwh uhwxuqv rq h{shfwhg erqg sruwirolr uhwxuqv
dfurvv fxuuhqflhv +9 idfwru prgho/ 93 prphqwv xvhg,1
5: